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Specification 

MAGNETIC HEAD PI MAGNETIC POLE NOTCHING WITH REDUCED POLYMER 

DEPOSITION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to methods for fabricating magnetic heads, and 
more particularly to methods for notching the PI magnetic pole of such magnetic heads. 



SO Description of the Prior Art 

0 One approach to increasing the areal data storage density of magnetic disks is to narrow 

r ! the width of the data tracks written on the disks, such that more tracks per inch can be written, 
* and therefore more data stored on the disk in a given area. Generally, the width of the base of 
=i the P2 magnetic pole tip determines the width of the data track; however, it is also necessary to 
4 5 provide some spacing between adjacent tracks, and the spacing required between data tracks is a 
3 function of the strength of the fringing magnetic fields that are created by the magnetic head. In 
some prior art magnetic heads, the fringing fields can be strong enough to affect data in 
neighboring data tracks, and the width of a fringing magnetic field can be a significant portion of 
a data track itself. Therefore, it is desirable to minimize the fringing fields generated by 
20 magnetic heads, such that adjacent data tracks can be written more closely together, and the areal 
data storage density on the disk thereby increased. 

One of the fabrication methods that has been undertaken in the prior art to reduce the 
fringing fields is to notch the PI magnetic pole, as is known to those skilled in the art. Such PI 
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pole notching can substantially reduce the fringing magnetic fields generated by the magnetic 
head, and can thereby increase the areal data storage density on the disk. The standard PI 
notching process of the prior art utilizes the previously fabricated P2 pole tip as an etching mask 
element in the notching process, and the process includes first etching through the write gap 
5 layer, typically alumina (A1 2 0 3 ), and then etching into the PI pole layer (typically Permalloy, a 
NiFe compound). A problem that initially exists in the prior art PI notching process is that an 
argon ion beam was utilized to etch the PI pole notches, and the alumina write gap layer is 
significantly more resistant to etching by the argon ion beam than the NiFe material of the P2 
pole tip and the PI layer. Therefore, where an argon ion beam was used in the prior art to 
1 310 conduct the PI notching step, significant portions of the P2 pole tip were etched away while the 
^1 beam more slowly etched through the alumina write gap layer. Thereafter, further portions of 
^ r J the P2 pole tip were etched away while the PI pole was subsequently notched by the ion beam, 
j; * As a result, the earlier prior art PI pole notching process required the initial fabrication of a 
U rather thick P2 pole tip, such that a properly sized P2 pole tip remained following the etching in 
| xl 5 the P 1 notching step utilizing an argon ion beam. 

Q A prior art improvement in PI notching involves the initial utilization of a first etchant 

gas species accelerates the etching of the alumina write gap layer and slows down the etching of 
the NiFe P2 pole tip material. Such a prior art etchant gas is CHF 3 , and following the use of 
CHF 3 in the etching process to etch through the alumina write gap layer, the etchant gas was 
20 changed to argon to notch the PI pole. As a result, a much smaller portion of the P2 pole tip was 
etched away during the PI notching step than was previously the case. This prior art also teaches 
that a decrease of the NiFe etch rate in CHF 3 milling occurs due to the formation of a polymer 
layer on the surface of the NiFe pole. 
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A problem that has arisen with the use of CHF 3 in the etching process is that it creates 
excessive polymer deposition. The polymer deposition can cause product contamination and 
results in the need for frequent cleaning and maintenance of the tooling hardware. Such 
polymers are apparently created in chemical reactions associated with the ionization of the CHF 3 
5 etchant gas, creating a significant problem in the utilization of CHF 3 for PI notching. The 
present invention avoids the excessive polymer deposition problems of CHF3 while maintaining 
the benefits of the two-step PI pole notching process. Specifically, the present invention is a PI 
notching process utilizing C2F6 as a preferred substitute for CHF 3 . 

10 SUMMARY OF THE INVENTION 

: 1 The present invention includes a two-step etching process for notching the PI pole of the 

r 5 write head element of a magnetic head. In a first step, the preferred embodiment utilizes a 
* combination of C 2 F 6 and argon gases (designated as C 2 F 6 /Ar) as the etchant gas to preferentially 
«! etch portions of the alumina write gap layer. Thereafter, in the second step, argon is used as the 

etchant gas to preferentially etch the PI pole material. The C 2 F 6 /Ar etchant gas preferably 
3 includes C 2 F 6 gas in a concentration range of from 50% to 90%, with a preferred concentration 

range being from 70% to 80%. The etching of the alumna write gap layer is preferably 

conducted with a first echant ion beam angle of from 5° to 30°, and a second etchant ion beam 

angleoffrom65°to85°. 

20 It is an advantage of the PI notching process of the present invention that contamination 

of magnetic head during a PI notching step is reduced. 

It is another advantage of the PI notching process of the present invention that it avoids 
frequent cleaning and maintenance of the tooling hardware. 
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It is a further advantage of the present invention that a two-step PI notching process has 
been developed that rapidly etches the write gap layer in a first step and rapidly etches the PI 
layer in a second step. 

It is yet another advantage of the present invention that a magnetic head is reliably 
5 manufactured that has reduced fringing magnetic fields. 

It is yet a further advantage of the present invention that a magnetic head has been 
developed having a right head element that produces reduced fringing magnetic fields, such that 
the areal data storage density on hard disks can be increased. 

These and other features and other advantages of the present invention will no doubt 
ClO become apparent to those skilled in the art on reading the following detailed description which 
In makes reference to the several figures of the drawing. 

IN THE DRAWINGS 

Fig. 1 is a side cross-sectional view of a fabrication step of a prior art magnetic head; 
iA5: Fig. 2 is a side cross-sectional view of a prior art PI notching step of the magnetic head 

|3 depicted in Fig. 1; 

Fig. 3 is a side cross-section view of a first etching step of the PI pole notching process 
of the present invention; and 

Fig. 4 is a side cross-sectional view of a second etching step of the PI pole notching 
20 process of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Fig. 1 is a side cross-sectional view of a prior art magnetic head taken during the 
fabrication of the write head elements of the head. As is well known to those skilled in the art, 
the magnetic head 10 includes a PI pole 14 having a write gap layer 18 deposited thereon, and 
5 having a P2 pole tip 22 deposited onto the write gap layer. Typically, the write gap layer is 
comprised of alumina (A1 2 0 3 ) and the PI pole and P2 pole tip are composed of a NiFe compound 
such as Permalloy (NiFe 80/20). 

Fig. 2 is a side cross-sectional view depicting a typical prior art PI notching step. As 
depicted therein, an ion beam 40 has been directed through a suitable photoresist mask 44 to etch 
:I0 through portions of the write gap layer 18 immediately next to the P2 pole tip 22, and to further 
H create notches 46 within the PI layer 14. As indicated above, an initial problem associated with 
r j the PI notching process was that significant portions 48 of the P2 pole tip (shown in phantom) 
* were etched away while the argon etchant gas more slowly etched through the alumina write gap 
i layer 18. Subsequently, a two step etching process was developed wherein CHF 3 /Ar was first 
d 5 utilized as an etchant gas to create etchant species that preferentially etched the alumina over the 
3 NiFe pole tip material. This prior art two-step etching process results in less etching of the P2 
pole tip during the PI notching process, however it has the undesirable problem of creating 
excessive organic polymer compounds that contaminate the wafer. 

The present invention involves the use of C2F6 gas in place of the CHF 3 as a first etchant 
20 gas in a two-step PI notching process. As depicted in Fig. 3, in using a combination of C 2 F 6 and 
argon (designated herein as C 2 F6/Ar) as a first etchant gas, etchant species 60 are created that 
selectively etch the alumina write gap layer preferentially over the NiFe P2 pole tip material. As 
described in detail hereinbelow, the ion beam of C 2 ¥e/Ar etchant gas is preferably directed at a 
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relatively steep angle 60 and subsequently at a relatively shallow angle 64. After the alumna 
write gap layer has been etched using C 2 F 6 /Ar to form notches 66 through the alumina layer 18, 
argon gas is substituted for the C 2 F<$/Ar in order to form etchant species that are also directed at a 
relatively steep angle 80 and subsequently at a relatively shallow angle 82 to form notches 84 in 
5 the PI pole 14 as is depicted in Fig. 4. 

Significantly, the use of C 2 F 6 as an etchant gas creates fewer organic polymer 
contaminants than are seen with the prior art CHF 3 etchant gas. Thus, reduced cleaning and 
maintenance of tooling hardware is required. Additionally, it has been unexpectedly found that 
exposing NiFe to fluorine ion containing species, such as those generated in the C 2 F 6 gas 
10 chemistry results in the formation of a beneficial Ni fluoride compound thin film layer on the 
5 surface of the P2 pole tip. Specifically, the Ni fluoride thin film 88 on the surface of the P2 pole 
1 : tip apparently provides a protective layer that is more slowly etched by the argon etchant species 
" than an unprotected NiFe P2 pole tip. This is in contrast to that which is found in the prior art 
i CHF 3 etchant gas process, in which a polymer layer is formed to slow down the NiFe etching. 
45 Thus, the use of the C 2 F 6 etchant gas also provides some protection for the P2 pole tip during the 
3 second step of the PI layer notching with the argon etchant gas species. 

As indicated above, the method for fabricating the notched PI pole magnetic head 50 of 
the present invention involves two ion beam etching steps, the write gap layer etching step and 
the PI pole etching step. For both steps, the ion beam voltage should be in the 600-900 volts 
20 range, with a more preferred range of 650-750 volts. The ion beam current should be in the 600- 
1200 mA range, with a more preferred range of 900-1 100 mA. 

There are two objectives in the write gap layer etching step; the first objective is to 
remove the write gap layer material, and the second objective is to remove any write gap layer 
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redeposition material that is accumulated on the sidewalls of the P2 pole tip. As shown in Fig. 3, 
for write gap layer material removal, the incident angle i from the normal to the substrate surface 
of the C 2 F 6 /Ar beam 60 is selected to be greater than the P2 pole slanting angle s 5 from the 
normal to the substrate surface. As is known to those skilled in the art, the angle s results from 
5 the P2 pole plating process conditions. Thus, where angle i is greater than angle s the shadowing 
of the P2 pole base by the P2 pole top is avoided. For example, if the slanting angle s is 5°, the 
incident angle i should be 10° or greater. In general, the angle i should be in the range of 5 - 30°, 
with a more preferred range of 10-20°. For removal of redeposition material from the sidewalls 
of the P2 pole tip structure, the incident angle i of the CyVAr beam 64 is chosen to be in the 
:|0 range of 65-80°, with a preferred range of 70-75°. Because of the good etching selectivity of 
H A1 2 0 3 over NiFe, this P2 pole tip sidewall cleaning step will not alter the P2 pole tip track width 
; l even if an aggressive overetch is applied. 

! The write gap layer etching step can be completed with one low angle (for example 15°) 

i ion milling step to etch through the write gap layer material, followed by one high angle milling 
d5 step (for example 70°) to remove the redeposition material from the P2 pole tip sidewalls. 
3 Alternatively, the low angle milling step and high angle milling step can be alternated 

sequentially until the write gap layer material is completely removed and the P2 pole tip 

sidewalls are free of redeposition material. 

As indicated above, the gas mixture for the write gap layer etching step utilizes an etchant 
20 gas composed of C 2 F 6 and Ar. The concentration of C 2 F 6 in the gas mixture may be in the range 

of 50-90%, with a more preferred C 2 F 6 concentration in range of 70-80%. In this concentration 

range, a stable etching condition can be maintained while a good Al 2 0 3 /NiFe etch rate ratio can 
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be achieved. For example, at approximately 75% C 2 F 6 and a 10° ion beam incident angle, the 

Al 2 0 3 /NiFe etch rate ratio is approximately 8:1. 

Following the write gap layer etching step, the etchant gas is switched to Ar for the PI 

pole material etching step to complete the PI pole notching. For this PI pole material etching 
5 step, again there are two objectives. The first objective is to remove enough PI pole material to 

produce the desired notching, and the second objective is to remove any PI pole redeposition 

material that accumulates on the P2 pole tip sidewalk Compared to C 2 F 6 , the Ar ions etch the 

NiFe of the PI pole at a much faster rate. As a result, the P2 pole tip track width may be altered 

during the redeposition material cleaning process. Therefore, it is desirable to minimize the 
£110 amount of redeposition material produced in the PI pole etching step, because where there is less 
W redeposition material on the P2 pole tip sidewalls, a shorter redeposition cleaning step is needed 
l\ and the likelihood of altering the P2 pole tip track width is reduced. The incident angle j (from 

the normal to the substrate surface) for PI pole material removal is thus chosen to be in the 15- 
f n 50° range, with a preferred range of 30-45°. For the P2 pole tip sidewall cleaning process, the 
i d5 incident angle j is chosen to be in the range of 65-80°, with a more preferred range of 70-75°. 
13 The PI pole material etching step can be completed with one low angle (for example 30°) 

milling step to etch into the PI pole material, followed by one high angle milling step (for 

example 70°) to remove the PI pole redeposition material on the P2 pole tip sidewall. 

Alternatively, the low angle milling step and the high angle milling step can be alternated 
20 sequentially until a desired PI pole notching depth is achieved and the P2 pole tip sidewall is 

free of redeposition material. 

While the present invention has been shown and described with regard to certain 

preferred embodiments, it is to be understood that those skilled in the art will no doubt develop 
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certain alterations and modifications thereto. It is therefore intended that the following claims 
cover all such alterations and modifications that nevertheless include the true spirit and scope of 
the present invention. 

What is claimed is: 
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CLAIMS 

1 1 . A method for fabricating a magnetic head, including the steps of: 

2 fabricating portions of said magnetic head including a PI pole, a write gap layer and a P2 

3 pole tip; 

4 notching said PI pole including the following steps: 

5 etching portions of said write gap layer utilizing C 2 F 6 as a component of an etchant gas; 

6 subsequently etching portions of said PI pole; and 

7 conducting further fabrication steps to complete fabrication of said magnetic head. 



1 2. A method for fabricating a magnetic head as described in claim 1 wherein said etching of 

2 said PI pole is conducted using argon as an etchant gas. 

1 3. A method for fabricating a magnetic head as described in claim 1 wherein said etching of 

2 said right gap layer is conducted utilizing Ci¥e/Ar as an etchant gas. 

14. A method for fabricating a magnetic head as described in claim 3 wherein said C 2 F(JAx 
2 etchant gas includes C2F6 gas in a concentration range of from 50% to 90%. 

1 5. A method for fabricating a magnetic head as described in claim 4 wherein said C2F6 gas 

2 concentration range is from 70% to 80%. 

1 6. A method for fabricating a magnetic head as described in claim 5 wherein said 

2 concentration of C2F6 in said etchant gas is approximately 75%. 
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17. A method for fabricating a magnetic head as described in claim 3 wherein a Ni flouride 
2 thin film layer is formed on said P2 pole tip during said write gap layer etching step. 



1 8. A method for fabricating a magnetic head, including the steps of: 

2 fabricating portions of said magnetic head including a PI pole, a write gap layer and a P2 

3 pole tip; 

4 notching said PI pole including the following steps: 

5 etching portions of said write gap layer utilizing an ion beam that is formed with an 

6 etchant gas including C 2 F 6 and argon; 

7 subsequently etching portions of said PI pole using argon as an etchant gas; and 

8 conducting further fabrication steps to complete the fabrication of said magnetic head. 

19. A method for fabricating a magnetic head as described in claim 8 wherein said C 2 F 6 /Ar 

2 etchant gas includes C 2 F 6 gas in a concentration range of from 50% to 90%. 

1 10. A method for fabricating a magnetic head as described in claim 9 wherein said C 2 F 6 gas 

2 concentration range is from 70% to 80%. 

1 11. A method for fabricating a magnetic head as described in claim 10 wherein said 

2 concentration of C 2 Fe in said etchant gas is approximately 75%. 

1 12. A method for fabricating a magnetic head as described in claim 9 wherein said etching of 

2 said write gap layer is conducted in part with a first etchant ion beam angle away from normal of 
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3 from 5°to 30°, and in part with a second etchant ion beam angle of from 65° to 85°. 

1 13. A method for fabricating a magnetic head as described in claim 12 wherein said first ion 

2 beam angle is from 10° to 20° and said second ion beam angle is from 70° to 75°. 

1 14. A method for fabricating a magnetic head as described in claim 13 wherein said first ion 

2 beam angle is approximately 10°. 

1 15. A method for fabricating a magnetic head as described in claim 12 wherein said C 2 F 6 I Ax 

2 ion beam is generated with an ion beam voltage of from 600-900 volts, and an ion beam current 

3 of from 600-1200 mA. 

1 16. A method for fabricating a magnetic head as described in claim 1 5 wherein said ion beam 

2 voltage is in the range of 650-750 volts and said ion beam current is in the range of 900-1 100 

3 mA. 

1 17. A method for fabricating a magnetic head as described in claim 15 wherein a Ni fluoride 

2 thin film layer is formed on said P2 pole tip. 

1 18. A method for fabricating a magnetic head, including the steps of: 

2 fabricating portions of said magnetic head including a PI pole, a write gap layer and a P2 

3 pole tip; 

4 notching said PI pole including the following steps: 
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5 etching portions of said write gap layer utilizing an ion beam that is formed with an 

6 etchant gas including C 2 F 6 and argon, wherein said C 2 F 6 gas concentration range is from 70% to 

7 80%; and wherein said etching of said write gap layer is conducted in part with a first etchant ion 

8 beam angle away from normal of from 5° to 30°, and in part with a second etchant ion beam 

9 angleoffrom65°to85°; 

10 subsequently etching portions of said PI pole using argon as an etchant gas; and 

1 1 conducting further fabrication steps to complete the fabrication of said magnetic head. 
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ABSTRACT 

MAGNETIC HEAD PI MAGNETIC POLE NOTCHING WITH REDUCED POLYMER 

DEPOSITION 

The present invention includes a two-step etching process for notching the PI pole of the 
write head element of a magnetic head. In a first step, the preferred embodiment utilizes a 
combination of C 2 F 6 and argon gases (designated as C 2 F 6 /Ar) as the etchant gas to preferentially 
etch portions of the alumna write gap layer. Thereafter, in the second step, argon is used as the 
etchant gas to preferentially etch the PI pole material. The Ci^tJAx etchant gas preferably 
includes C2F6 gas in a concentration range of from 50% to 90%, with a preferred concentration 
range being from 70% to 80%. The etching of the alumna write gap layer is preferably 
conducted with a first echant ion beam angle of from 5° to 30°, and a second etchant ion beam 
angle of from 65° to 85°. 
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(Application Serial No.) Filing Date (Status: Patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

And I hereby appoint W. POMS, REG. 18,782; G.P. SMITH, REG. 20,142; G. E. LANDE, REG. 22,222; A.C. ROSE, 
REG 17 047; LJ. BOVASSO, REG. 24,075; C. BERMAN, REG. 29,249; D.J. OLDENKAMP, REG. 29,421; C DARROW, 
REG 3o'l66; M.E. HARRIS, REG. 26,690; K.A. MACLEAN, REG. 31,118; C. ROSENBERG, REG. 31,464; M.E. BROWN, 
REG 28 590; A.P. BLOCK, REG. 35,450; S.R. HANSEN, REG. 38,486; D.N. LARSON, REG. 29,401; J.W. INSKEEP, REG. 
33 910- HD. JASTRAM, REG. 19,777; B. CANTER, REG. 34,792; C.J. LERVICK, REG. 35,244; L. CULLMAN, REG. 
39 645- C A.S. HAMRICK, REG. 22,586; R.O. GUILLOT, REG. 28,852; J. BOYCE, REG. 40,920; C. CHOU, REG. 41,672; 
A.B. DIEPENBROCK, REG. 39,960; M.K. BOSWORTH, REG. 28,186, L. SHERRY, REG. 43,918;; P.R. WADSWORTH, 
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REG 29 219- E E KLEIN, REG. 34,337; G.M. KNIGHT, REG. 33,409; P. SABER, REG. 37,494; J.F. VILLELLA, JR., REG. 
30 599* Ea' PENNINGTON, REG. 32,588; J.C. REDMOND, JR., REG. 18,753; R.B. MARTIN, REG. 26,945; RJ. 
BLUESTONE, REG. 40,518; D.R. MILLETT, REG. 31,784; N.A. KRALL, REG. 39,734; C.A. HUGHES, REG. 26,914; J.E. 
HOEL, REG. 26,279; OPPENHEIMER WOLFF & DONNELLY LLP, 3373 Hillview Avenue, Suite 200, Palo Alto, California 
94304,' (650) 320-4000, as my attorneys with full power of substitution and revocation, to prosecute said application and to 
transact in connection therewith all business in the Patent and Trademark Office and before competent International Authorities. 

Address all telephone calls to Robert O. Guillot at (650) 320-4000, and address all correspondence to: 

Robert O. Guillot, Esq. 
OPPENHEIMER WOLFF & DONNELLY LLP 

3373 Hillview Avenue, Suite 200 
Palo Alto, CA 94304 

Wherefore I pray that Letters Patent be granted to me for the invention or discovery described and claimed in the 
foregoing specification and claims, and I hereby subscribe my name to the foregoing specification and claims, declaration, power 
of attorney, and this petition. 



Full Name of Sole or First Inventor: Richard Hsiao 

Home Address: 6601 Neptune Ct, San Jose, CA 95120 
Post Office Address: Same as above — 



Citizenship: 
Inventor's Signature: 



United States 




Date: 



Full Name of Second Inventor: 
Home Address: 
Post Office Address: 
Citizenship: 
Inventor's Signature: 



John I. Kim 



6591 Bose Lane, San Jose. CA 95120 



Same as above 



United States 




Date: 
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